Identification of individuals infected with herpes simplex virus type 2 (HSV-2) is critical for the management of genital herpes as well as for epidemiological studies and clinical trials. The performances of commercially available assays to detect HSV-2-specific glycoprotein G2 (gG2) antibodies vary significantly between study populations (2) . For example, the FDAapproved and widely available HerpeSelect enzyme-linked immunosorbent assay (ELISA) (Focus Technologies) has a high sensitivity and specificity, ranging from 96 to 100%, against the reference HSV-2 Western blot (WB) assay for testing of sera from North American or Western European populations but significantly lower specificity for testing of sera from adult African populations (2, 7, 16) . Moreover, concordance between WB and HerpeSelect assays was found to vary between countries in sub-Saharan Africa (2, 6, 7, 9) and according to human immunodeficiency virus (HIV) serostatus (16) . HerpeSelect and other assays were compared in an evaluation study using African sera from population-based surveys, and the Kalon gG2-specific ELISA (Kalon Biologicals) was found to be as sensitive as and more specific than HerpeSelect, with WB as the reference method (16) . Similar results were documented for Brazilian populations, using clinicovirological reference groups (13) . To increase the specificity of HerpeSelect, some authors have suggested using a higher index value of 3.5 for the seropositivity cutoff instead of the manufacturer's recommended cutoff of 1.1 (2, 9, 13, 16) .
A critical element in evaluating the performance of these assays is the stage of HSV-2 infection. One study reported that the sensitivity of HerpeSelect increased for patients suffering from genital ulcer disease (GUD) compared to that for blood donors (6) , perhaps because HerpeSelect may detect primary genital herpes earlier than the Kalon assay or even WB does (1, 12) .
In the present report, we assess the performance characteristics of the HerpeSelect and Kalon assays for African patients presenting with symptomatic and molecularly documented genital HSV-2 infection.
MATERIALS AND METHODS
Women presenting with GUD at study sites in Ghana and the Central African Republic were enrolled in a randomized placebo-controlled trial of acyclovir (400 mg three times daily for 5 days) given in addition to routine syndromic antibacterial GUD treatment (11) (ClinicalTrials register no. NCT00158483). Briefly, eligible and consenting women with clinically verified GUD (including blisters and sores) were interviewed and examined genitally, and samples were obtained and tested as follows. Two swabs from the ulcer base were used to determine GUD etiology and to detect lesional HIV type 1 (HIV-1) RNA, using molecular methods (5, 8, 11, 14) ; a cervicovaginal lavage (CVL) sample was collected to detect and quantify HSV-2 DNA and HIV-1 RNA in genital secretions, using real-time PCR (10); and blood samples were obtained for detection of HSV-2 antibodies (HerpeSelect; Focus Technologies, Cypress Hill, CA) and HIV-1 antibodies and for CD4 lymphocyte counts, as previously described (11) . Serum samples obtained at days 14 and 28 from women who were HSV-2 seronegative at day 0 but positive for lesional and/or cervicovaginal HSV-2 DNA (i.e., with genital HSV-2 infection) were tested using HerpeSelect to detect possible HSV-2 seroconversion, and their enrollment (day 0) samples were tested for HSV-1 antibodies by HerpeSelect gG1 assay (Focus Technologies) to determine if these were cases of primary genital herpes (dually HSV-1-and HSV-2-seronegative samples) or nonprimary first-episode HSV-2 infection (HSV-1-seropositive and HSV-2-seronegative samples). All samples from a given woman were tested in the same ELISA run.
The Kalon gG2-specific assay (Kalon Biologicals, Aldershot, United Kingdom) was used to test all available sera with HerpeSelect index values ranging from Ͼ1.1 to 3.5 (n ϭ 63 of 66 sera), a random selection of 88 sera with index values of Ͼ3.5, and 48 sera with index values of Ͻ0.9, including all cases (n ϭ 25) of potential HSV-2 seroconverters (as defined above).
We calculated the percentage agreement between the two tests and their concordance by Cohen's kappa coefficient (), and we tested for differences in positive test results by using McNemar's 2 test for paired samples. Chi-square tests were used to compare proportions for unpaired tests, the Wilcoxon rank sum test was used for comparison of medians, and Spearman's rank test was used for correlation of categorical variables.
RESULTS
Of 441 women with GUD enrolled in the trial, 434 had HSV-2 serological results (278 and 156 women from Ghana and the Central African Republic, respectively). HSV-2 seroprevalence was higher in the Central African Republic than in Ghana (95% versus 71%; P Ͻ 0.001). Among the 413 patients with genital samples, HSV-2 DNA was detected in 225 (54%) by PCR with the lesional (n ϭ 208) or the CVL (n ϭ 17) specimen (with 146 patients being positive for both samples). Table 1 An episode of GUD in the preceding 12 months was reported by 14%, 17%, 26%, and 40% of patients in the groups with negative, equivocal, low-positive, and high-positive HerpeSelect serology, respectively (Spearman's rank correlation; P Ͻ 0.0001) ( Table 1) . Table 2 shows results obtained by serological testing using both the HerpeSelect and Kalon assays, including those for samples from patients with suspected first episodes of genital HSV-2. Overall agreement between the two serological assays was 86% (171/199 samples) or 87% (173/199 samples), de- Defined as the presence of lesional and/or cervicovaginal HSV-2 DNA by real-time PCR. PCR results were undetermined for 9, 3, 4, and 5 patients in the groups with HerpeSelect index values of Ͻ0.9, 0.9 to 1.1, Ͼ1.1 to 3.5, and Ͼ3.5, respectively, i.e., for 21 patients in total.
b PCR results were undetermined for one sample in each group, i.e., for two patients in total. Among the 63 samples with HerpeSelect index values ranging from Ͼ1.1 to 3.5, Kalon assay results were found to be negative for 25 (40%) (of which 8 were associated with detection of genital HSV-2 DNA), equivocal for 2 (3%) (with 1 being positive for HSV-2 DNA in the CVL sample only), and positive for 36 (57%).
Assuming detection of genital HSV-2 DNA (n ϭ 34) and/or concordant seropositivity with the Kalon assay (n ϭ 36) as confirmation of HSV-2 infection, 71% (45/63 samples) of samples with HerpeSelect index values between Ͼ1.1 and 3.5 should be considered true HSV-2 infections and would have been misclassified using the higher cutoff of 3.5 suggested by Hogrefe et al. (7) and Nascimento et al. (13) . Among discordant samples tested for HSV-2 DNA, 40% (10/25 samples) were associated with positive detection of HSV-2 DNA (Table  2) . Finally, among women found to be seropositive with HerpeSelect and to have concomitant genital HSV-2 DNA, only 88% (76/86 patients) were considered HSV-2 seropositive with the Kalon assay.
Among the 76 women classified as HSV-2 seronegative or equivocal by HerpeSelect at day 0 who had genital samples, 25 (6% of all women in the trial) had genital HSV-2 DNA detected by PCR (Table 1) . These patients presented to the clinics after a median of 6 days (range, 3 to 18 days) following symptom onset. All of these women were HSV-1 seropositive by HerpeSelect gG1 assay and thus were classified as having nonprimary first episodes of genital HSV-2 infection. All day 0 sera were also found to be negative by Kalon assay. Among these women, 15 were tested on either day 14 or day 28 (10 were tested on both days, 3 were tested only on day 14, and 2 were tested only on day 28), and 11 cases of HSV-2 seroconversion were detected, with 10 detected by HerpeSelect and 7 detected by Kalon assay. HSV-2 seroconversion was detected earlier with HerpeSelect than with the Kalon assay (Fig. 1) . At day 14, 77% (10/13 samples) of sera were positive with HerpeSelect, compared with only 23% (3/13 sera) with the Kalon assay (P ϭ 0.01). Four additional seroconversions were observed with the Kalon assay at day 28, and none were detected by HerpeSelect. The median HerpeSelect index value for these 10 seroconversion cases was 4.3 (range, 2.1 to 15.9) at day 14 and 8.6 (range, 1.5 to 16.6) at day 28. Among patients with nonprimary first episodes of genital HSV-2 infection, four were HIV seropositive at baseline and one woman seroconverted to HIV seropositive within 28 days. All three HIV-seropositive samples which were tested at day 28 showed HSV-2 seroconversion.
Forty 
DISCUSSION
To our knowledge, this is the first report of an evaluation of HSV-2 seroassays among cases of genital herpes documented through molecular methods, including cases of nonprimary first episodes of genital HSV-2 infection in Africa. Previous studies have suggested that the specificity of the HerpeSelect assay for detecting HSV-2 serum antibodies may be lower for African sera or sera from HIV-1-seropositive patients (2, 7, 16) . A higher positivity cutoff index value of 3.5 (instead of the manufacturer's recommended cutoff of 1.1) has therefore been suggested as a way to increase assay specificity. However, the clinical stage of HSV-2 infection had not been ascertained in these studies, which may have interfered with the correct interpretation of results. In the present study, we aimed to reevaluate the significance of low HerpeSelect index values among African patients presenting with GUD. We compared the results obtained with HerpeSelect with those of the Kalon serological assay, which is known to have a high specificity (13, 16) .
Our results show 99% concordance between the HerpeSelect and Kalon assays for negative or high-positive (Ͼ3.5) HerpeSelect results, which confirms previous reports of excellent agreement between these two assays (13, 16) . In contrast, the concordance was moderate when HerpeSelect positivity included index values between Ͼ1.1 and 3.5. However, we found that 40% (10/25 samples) of discordant samples were associated with detection of genital HSV-2 DNA, and 71% of samples with low-positive HerpeSelect index values could be classified as having established HSV-2 infection when results of molecular testing or seroconcordance were included. Overall, nearly 20% of the study population with positive Herpe- Select serology had index values comprising between Ͼ1.1 and 3.5, 58% of whom had evidence of genital HSV-2 infection. This is consistent with data published by Ashley- Morrow et al. showing that 22% of U.S. patients with established HSV-2 infection had low HerpeSelect index values (3). Reciprocally, 18% of women testing positive by HerpeSelect and carrying genital HSV-2 DNA had low HerpeSelect index values. These findings demonstrate that a nonnegligible proportion of true genital herpes cases would be missed by using a higher cutoff for HerpeSelect.
The analysis of the kinetics of HSV-2 antibodies in sera associated with nonprimary first clinical episodes of HSV-2 infection showed that HerpeSelect detected HSV-2 seroconversion more frequently and earlier than did the Kalon assay and that HerpeSelect index values increased rapidly. These results corroborate data from the work of Ashley-Morrow et al. (3) demonstrating that for newly infected patients, HerpeSelect index values start low, often in the negative range, and peak a median of 9 to 10 weeks later. Our results also confirm the higher sensitivity of HerpeSelect than that of the Kalon assay in detecting nonprimary first HSV-2 episodes, as previously reported (12) . In a U.S. study including 14 patients with nonprimary first episodes with culture-positive HSV-2 lesions, the sensitivity of HerpeSelect was 77%, in contrast to 43% for the Kalon assay, and the median time for seroconversion was significantly longer by Kalon assay (149 days) than by HerpeSelect (22 days) (12) . In our study, patients with nonprimary first episodes of HSV-2 infection presented to the clinics after a median of 6 days (range, 3 to 18 days) following symptom onset, and thus the maximum follow-up time to assess seroconversion was 46 days postonset, which explains the higher detection rate obtained with HerpeSelect. We also found that HerpeSelect seropositivity and index values correlated with reported GUD symptoms in the preceding year. These results suggest that frequent viral reactivations may sustain specific humoral responses and, conversely, that low titers may be related to insufficient antigenic stimulation secondary to infrequent viral replication, as suggested by Ashley-Morrow et al. (3) .
Thus, the ability of methods to detect early HSV-2 infection may account for some of the assay discrepancies found in our and other studies. It is even possible that some recent HSV-2 infections may have been accompanied by a lack of HSV-2 DNA detection, since the delay between the onset of symptoms and presentation at the clinic for study enrollment was quite long for some women, allowing some patients to have already cleared the virus. Such misclassifications would have contributed to underestimating the true sensitivity of HerpeSelect.
We did not use the reference WB HSV assay in this study to help resolve some of the assays' discrepancies. However, it has been shown that although it is highly sensitive and specific, WB may have less ability to detect recent cases of genital herpes, as detection of seroconversion among first episodes of genital HSV-2 infection was slower than that of HerpeSelect (1). Moreover, it has been shown that some discordant results between HerpeSelect and WB on African sera were eventually classified as true positive results by HerpeSelect after testing with an inhibition assay (7) .
Finally, our data did not support a differential performance of HerpeSelect according to HIV serostatus. On the contrary, we observed less discrepancy between the HerpeSelect and Kalon assays for samples from HIV-infected women. This may be related to the higher rate of HSV-2 reactivation in such patients, which might sustain index values of HSV-2-specific antibodies in the high range.
Our results confirm that some low-positive HerpeSelect index values correspond to true HSV-2 infection and that some may be related to recent infection. Depending on population composition, this would affect the evaluation of the performance of the various HSV-2 serological assays, and this has to be taken into consideration in the interpretation of study findings. Moreover, the choice of HSV-2 serological assays needs to be dictated by circumstances, whether for an epidemiological study examining risk factors for HSV-2 or a clinical trial seeking to enroll HSV-2-seropositive patients, for which highly specific assays would be more desirable, or for the diagnosis and management of patients with possible early HSV-2 infection, for which a sensitive assay would be required. Our results have particular resonance for the management of GUD in countries where HSV-2 infection is highly prevalent and where clinical or subclinical primary infection may occur frequently. The use of a sensitive assay comparable to HerpeSelect may help to detect recent herpesvirus infection and offer appropriate advice on management and counseling about the risk of HIV acquisition, which could increase in the presence of recent HSV-2 infection (4, 15).
